Antarctic Peninsula: An ice-dependent coastal marine ecosystem in transition. 
As in other coastal systems, geomorphology and bathymetry play critical roles in structuring the WAP ecosystem , in this issue, address some aspects of this). In common with most of the world's coastal regions, the WAP system is profoundly affected by anthropogenic influences, including climate change, pollution, past exploitation of upper trophic level species such as whales and seals, and current exploitation of fish and krill stocks.
There is a rich history of oceanographic research in the region, starting with the Discovery Investigations of 1924 -1951 (Hardy, 1967 . With a strong focus on Euphausia superba, the Antarctic krill, these studies formed the foundation of all subsequent research in the region and, indeed, throughout the aBStr act. The extent, duration, and seasonality of sea ice and glacial discharge strongly influence Antarctic marine ecosystems. Most organisms' life cycles in this region are attuned to ice seasonality. The annual retreat and melting of sea ice in the austral spring stratifies the upper ocean, triggering large phytoplankton blooms.
The magnitude of the blooms is proportional to the winter extent of ice cover, which can act as a barrier to wind mixing. Antarctic krill, one of the most abundant metazoan populations on Earth, consume phytoplankton blooms dominated by large diatoms. Krill, in turn, support a large biomass of predators, including penguins, seals, and whales. Human activity has altered even these remote ecosystems. The western Antarctic Peninsula region has warmed by 7°C over the past 50 years, and sea ice duration has declined by almost 100 days since 1978, causing a decrease in phytoplankton productivity in the northern peninsula region. Besides climate change, 
Palmer Long Term Ecological
Research (PAL) began in 1990 (Ducklow et al., 2007; Steinberg et al., 2012) by recording semiweekly observations of nearshore processes at Palmer Station (64.8°S, 64.1°W) between October and April, and by conducting a regional-scale cruise in January (Figure 1 ) each austral summer. PAL was built on intensive studies of Adélie penguin demography and feeding ecology carried out since the mid-1970s (Fraser and Trivelpiece, 1996) and on related oceanographic research (Ross et al., 1996) . Operating since 1997, allowing an unprecedented range of physical, biogeochemical, and biological variables to be measured continuously throughout the seasons. In this paper, we describe the physical setting, ocean environment, and ecological structure and dynamics of the WAP coastal region based on research by PAL and the BAS (Meredith et al., 2004; Clarke et al., 2007) .
OceaNOgr aphy aND climate
The WAP's coastal region is punctuated by islands, promontories, and small peninsulas, and includes a complex network of straits, bays, and passages between the islands and the continental mainland (Figure 1) . A complex coastal circulation is associated with the irregular coastline and nearshore bathymetry, and it includes the recently described Antarctic Peninsula Coastal Current, which appears to be driven by winds and glacial meltwater inputs in the austral summer (Moffat et al., 2008) . The coastal circulation may serve to retain or transport plankton within the coastal region, but the spatial and temporal distributions of these effects are not well established.
Along the peninsula, the seafloor deepens abruptly to 200-300 m or deeper within a few kilometers of shore. It is bisected by the landward ends of several glacial-erosion submarine troughs and canyons that exceed 750 m in depth and extend across the continental shelf (Anderson, 1999 (Fraser and Trivelpiece, 1996; Schofield et al., 2013 , in this issue).
The changing regional climate is discussed in detail elsewhere (Turner et al., 2009 ), but it should be noted here that the WAP exhibits among the most rapid rates of regional warming anywhere, ucsd.edu/datazoo/data/pallter/datasets).
The ocean in the region is also warming greatly, with a rise in surface ocean temperature in excess of 1°C measured during the second half of the twentieth century (Meredith and King, 2005) . Part of this upper-ocean warming is thought to be of atmospheric origin, with the transfer of heat facilitated by greater amounts of ice-free waters from spring to autumn.
The deeper ocean has warmed tremendously as well . A strong source of the heat input to the WAP region is the inflow of warm, mid-depth UCDW from the ACC, where warmer intrusions along the glacially scoured canyons impinge on the inner shelf regions (Martinson, 2012; Martinson and McKee, 2012) .
The warming from above and below has resulted in the rapid retreat of the majority of glaciers along the peninsula (Cook et al., 2005) , with significant consequences for the coastal ecosystem.
FreShWater iNputS FrOm Sea ice aND gl acierS
The duration, extent, and seasonality of sea ice are the principal physical (± 41 days; or -2.7 ± 1.2 days/year, p = 0.02). These seasonal sea ice changes are largely wind driven (Holland and Kwok, 2012; Maksym et al., 2012) .
Strong northerly winds drive the ice edge southward, delaying ice edge advance in autumn and accelerating its retreat in spring, often synoptically with each passing storm (Stammerjohn et al., 2003; Massom et al., 2008) . Increased solar ocean warming in summer (due to earlier and longer ice-free conditions) is also contributing to the sea ice changes, acting as a positive feedback to enhance and sustain the rate of warming and sea ice retreat (Meredith and King, 2005; Stammerjohn et al., 2011) . The WAP and southern Bellingshausen Sea show the largest and fastest Antarctic sea ice decreases, on a par with the largest regional decreases in Arctic sea ice . Moreover, changes in winter MLD can affect vertical stratification in summer.
For example, changes in sea ice during the preceding winter strongly influence interannual variability in summertime vertical stratification at the RaTS site in the south ). This effect is produced by the greater exposure of the ocean to the atmosphere during winters with reduced sea ice coverage due primarily to wind-driven advection. The reduced sea ice coverage enables greater wind-induced mixing of surface waters and also increased buoyancy loss due to prolonged ice production. Combined, these effects produce 
SecONDary prODuctiON aND tOp preDatOrS
Traditionally, Antarctic marine ecosystems are believed to be dominated by the Antarctic krill Euphausia superba and its predators (Murphy et al., 2013) . ) in the region between anvers island in the north and marguerite Bay in the south. These plots are averaged for cruises undertaken from 1993 to 2012. The immediate coastal region in the south part of the study area (including the rothera time Series [ratS] site at rothera Base) is not contoured because marguerite Bay extends more than 100 km farther to the east and is not surveyed regularly. The dashed and solid white lines denote the continental shelf break at > 1,000 m, and coastal zone < 300 m. (Fraser and Trivelpiece, 1996; Fraser and Hofmann, 2003) . Cohorts of Antarctic krill year classes can be followed through four-to five-year cycles in Adélie penguin diet samples (Fraser and Hoffman, 2003) . Significant krill recruitment events occurred in 1991 -1992 , 1995 -1997 , and 2000 , 2006 , and 2010 ; data derived after Fraser and Hoffman, 2003) . Krill recruitment success is related to heavy winter sea ice (Fraser and Hoffman, 2003) , and declining sea ice extent and (Wiencke and Amsler, 2012) . Estimates of primary productivity are available only for 1987-1988 1988-1989 1989-1990 1990-1991 1991-1992 1992-1993 1993-1994 1994-1995 1995-1996 1996-1997 1997-1998 1998-1999 1999-2000 2000-2001 2001-2002 2002-2003 2003-2004 2004-2005 2005-2006 2006-2007 2007-2008 2008-2009 2009-2010 2010- These atmospheric changes could induce stronger upwelling (Waugh et al., 2013) and Pacific. Movement of the SAM to a more positive state is well described (Marshall et al., 2004; Thompson et al., 2011) , and it is increasingly seen that the depletion of stratospheric ozone is a key factor in this forcing, along with contributions from greenhouse gas emissions (Lee and Feldstein, 2013 . Since at least the 1970s, rapid warming, sea ice loss, and, possibly, other related climate changes 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 Changes in krill stocks, phytoplankton composition, and other ecosystem properties have now also been documented.
A synthesis of these observations suggests possible future changes in ecosystem structure from dominance by krill toward a food web with more microbial herbivores and bacteria (recent work of author Sailley and colleagues).
Macroalgal assemblages in the southern WAP have much lower biomass and diversity than those described above for the northern WAP, and these southern WAP communities appear to be typical of those at similar latitudes around the continent (Wiencke and Amsler, 2012) . The change occurs somewhere between 64°S and 67°S, unfortunately by far the least-studied area of the WAP in terms of benthic community structure. Moe and DeLaca (1976) Station is a current source of DDT to the local food web, despite a worldwide ban on DDT production (Geisz et al., 2008) .
Once immobilized in polar regions, POPs enter and concentrate in phytoplankton and krill (Chiuchiolo et al., 2004) and in penguins, giant petrels, and skuas (Geisz, 2010) . in the late 1970s, even before the whale recovery began to take off, implicating climate change as an additional factor in Antarctic population dynamics (Fraser et al., 1992) . This controversy rages on. 
